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rings, and at least one force sensor positioned perpen-
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Description
PRIORITY

[0001] This application claims priority under 35 USC
119 to US application serial no. 61/821,850, filed on
5/10/2013, which is incorporated herein by reference in
its entirety.

BACKGROUND

[0002] The sealing and gasket industry would benefit
from a low cost, pressure sensor enabled, gasket assem-
bly capable of continuously reporting its state of integrity.
This would essentially take the form of a 'smart gasket’
in critical pipe-work infrastructure where continuous self
monitoring can (a) facilitate compliance with mainte-
nance and assurance requirements, (b) reduce the risk
of environmental impact as a result of leakage, and (c)
increase process efficiency due to reduction of downtime
and leakage.

[0003] In inexpensive, microchip-scale pressure sen-
sor based on compound semiconductor materials tech-
nology has been designed and miniaturized. This sensor
may be physically as small as one millimeter square and
~ 15 microns thick and offers reversible pressure meas-
urement to loading of in excess of 50MPa. It is described
in US patent 7,127,949B2, Contact pressure sensor and
method for manufacturing, granted October 2006.
[0004] By altering the internal structure of the sensor
chip, it can be made to suit various ranges of pressures,
sensitivity and applications. In addition, it has the unique
ability to continuously monitor pressure for an indefinite
period. The initial application that has been identified is
in the production of ’intelligent’ industrial metallic gaskets
where it is necessary to monitor the forces between pipe-
work flanges.

BRIEF DESCRIPTION OF DRAWINGS

[0005]

FIGURE 1 illustrates an embodiment of a spiral
wound steel gasket.

FIGURE 2 illustrates an embodiment of a stainless
steel gasket with graphite sealing faces.

FIGURE 3 illustrates an embodiment of a force
measurement sensor positioned at an outer edge of
a spiral wound gasket.

FIGURE 4 illustrates an embodiment of a force
measurement sensor positioned in an outer ring of
a spiral wound gasket.

FIGURE 5 illustrates an embodiment of a force
measurement sensor positioned at an outer edge of
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a spiral wound gasket.

FIGURE 6 illustrates an embodiment of a "kammpro-
file" (graphite faced) gasket with dual sensors oppo-
sitionally disposed on the outer ring.

FIGURE 7 illustrates an embodiment of a "kammpro-
file" (graphite faced) gasket with dual sensors oppo-
sitionally and offset disposed on the outer ring.

FIGURE 8 illustrates an embodiment of a spiral
wound gasket with a force sensor in contact with an
edge of the outer ring.

FIGURE 9 illustrates an embodiment of a spiral
wound gasket with holes in the outer ring into which
sensors may be placed.

FIGURE 10 illustrates an embodiment of a spiral
wound gasket with markings located around the out-
er ring.

DESCRIPTION

[0006] A sealing, high pressure, high temperature gas-
ket for use in oil and gas applications is described com-
prising mechanical and electrical integration of the afore-
mentioned sensor into an industry standard gasket with-
out compromising mechanical sealing quality, and allow-
ing extraction of electrical signals.

[0007] Inone embodimenta stainless steel gasketwith
graphite sealing faces be may be chosen for integration
with the sensor (See FIGURE 2). This solution may be
implemented in different formats depending on the ap-
plication.

[0008] A version of this gasket modified to integrate
with a pressure sensor comprises similar graphite discs
covering a two part steel disc. However, the graphite
discs are modified to integrate with the sensor without
compromising the seal quality and specifications, and
without causing damage to the sensor insert under full
pressure load.

[0009] A second type of gasket is a strip of high grade
metal, commonly stainless steel, wound in a spiral
(known as the winding). This spiral is wound together
with a "filler" strip such as PTFE, graphite, or a non-as-
bestos jointing, depending on the application (See FIG-
URE 1). Itis between the windings and this outer ring or
inthe outerring thata sensoris integrated with the gasket.
[0010] The sensor measure force on the winding of the
gasket againstthe outer ring of the gasket due to squeez-
ing of the winding between the flanges. The force meas-
urement is perpendicular, the force of the spiral against
the outer ring, by either a sensor in the ring, or a device
that can measure pressure against the ring.

[0011] The pressure measurement may be facilitated
by holes in the outer ring that permit small elastic defor-
mation of the outer ring that can be measured. Pressure
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sensors may be mounted inside such holes, or at the
inner edge of the outer ring at the interface to the spiral.
Alternately markings may be available on the outer ring
that facilitate measurement of deformation of the outer
ring under pressure. The pressure exerted against the
outer ring may be determined using ultrasonic measure-
ment of the outer ring. Alternately, stiffness or deforma-
tion measurement of the outer ring may be used to esti-
mate the pressure exerted against the outer ring by the
spiral. Preferably the measurements are performed at
multiple positions along the outer ring to determine if the
gasket pressure is evenly distributed or not. In some em-
bodiments, a permanent monitoring system may be in-
stalled to monitor the deformation of the outer ring, such
as glass fiber based interferometry that measures a gap
between a reference surface and a deformed surface
with high accuracy.

[0012] The sensor signal may be exposed through the
side of the gasket so as to not compromise the seal.
[0013] FIGURE 1 is an illustration of a spiral wound
steel gasket 100 that may be modified to integrate with
a pressure sensor as described herein. This spiral is
wound together with a "filler" strip 104 such as PTFE,
graphite, or a non-asbestos jointing, depending on the
application. The spiral may have inner or outer guide
rings 102, 106 to assist in installation, or to improve seal-
ing performance. The winding is, for example, 4.5mm
thick, compressing to about 3mm thick, with the guide
rings at 3mm thickness. The windings of this ’spiral-
wound’ gasket, when placed between two flanges and
under pressure, are squeezed by a force perpendicular
to the disk and the outer ring 102 is provided as a com-
pression limiting stop for the spiral that is being squeezed
out.

[0014] FIGURE 2 is an illustration of a steel disc 202
with machined annular rings 206 and a graphite disc 204
on each face over the rings 206. When placed between
two flanges and under pressure, the graphite 204 is
squeezed into the annular rings 206 and a seal is affect-
ed.

[0015] FIGURE 3 illustrates a force/pressure sensor
302 mounted to an outer edge of a spiral wound gasket.
The gasket comprises windings 306, an inner ring 308,
and an outer ring 304.

[0016] FIGURE 4 illustrates a force/pressure sensor
404 embedded within the outer ring 304 of a spiral wound
gasket.

[0017] FIGURE 5 illustrates a force/pressure sensor

404 is embedded between the windings 104 and an outer
ring 102 of a spiral wound gasket.

[0018] FIGURE 6 illustrates two force sensors 302
mounted in opposition to one another in contact with the
outerring 102. The sensors 302 do not contact the graph-
ite sealing faces 204 of the gasket.

[0019] FIGURE 7 illustrates two force sensors (one a
pulse device 702, the other a test device 302) mounted
in opposition, but offset from one another, on the outer
ring 102.
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[0020] FIGURE 8 illustrates aforce sensor and conical
force measurement units located at points around the
outer ring 102.

[0021] FIGURE 9 illustrates force/pressure sensors
902 placed into holes 904 formed around the gasket outer
ring 102.

[0022] FIGURE 10 illustrates markings 1002 located
around the outer ring 102.

Claims
1. Asystemto measure forces on a gasket, comprising:

a gasket formed with an inner ring, an outerring,
and a winding disposed between the inner and
outer rings; and

at least one force sensor positioned perpendic-
ular to the outer ring.

2. The system of claim 1, the gasket comprising steel
and the windings having a graphite coating.

3. The system of claim 1, comprising two force sensors
mounted in opposition to one another and in contact
with the outer ring.

4. The system ofclaim 1, comprising two force sensors
mounted in opposition to one another and in contact
with the outer ring, the sensors offset from one an-
other, one sensor being a pulse device.
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